Cacao beans are composed of cacao nibs and germs. Although numerous chemical and physiological studies on cacao nib compounds have been reported, there is little information on cacao germ compounds. We therefore analyzed an extract from the cacao germ, and found two compounds that were specific to the germ. One of these two compounds was identified as the new glycosylated abscisic acid metabolite, dihydrophaseic acid-4 0 -O-6 00 -(-ribofuranosyl)--glucopyranoside, and the other as the known compound, dihydrophaseic acid-4 0 -O--D-glucopyranoside.
Because of their pleasant aroma and attractive taste, chocolate and cocoa are widely enjoyed by consumers as the key desirable ingredient in such products as cocoa-based beverages and chocolate confectionary. Chocolate and cocoa are produced from fermented and roasted cacao beans (Theobroma cacao L). Cacao beans are composed of cacao nibs and germs. Cacao nibs are known to contain polyphenols such as epicatechin, catechin, and procyanidins, 1, 2) N-phenylpropenoyl amino acids such as clovamide and deoxyclovamide, [3] [4] [5] and alkaloids such as theobromine, caffeine, and serotonin. [6] [7] [8] Although numerous chemical and physiological studies on these cacao nib compounds have been reported, 1, 2, [9] [10] [11] [12] [13] [14] [15] [16] there is little information on cacao germ compounds. We therefore attempted in the present study to isolate those compounds specific to the cacao germ.
The cacao germ and nib extracts were analyzed by HPLC to find the compounds specific to the cacao germ. A comparison of the HPLC elution profiles for the nibs and germs enabled two peaks to be identified as specific to the cacao germ. The fractions corresponding to these two peaks, numbered 1 and 2, were purified from 368 g of cacao germs to yield 7.0 mg of compound 1 and 3.3 mg of compound 2. Compounds 1 and 2 were not detectable in the extract of cacao nibs.
The molecular formula of compound 1 was determined by HREIMS as C 21 H 32 O 10 (m=z 444.1995 [M] þ ). By the 1 H-and 13 C-NMR spectra, 1 H-1 H COSY spectrum, and HMBC experiments, compound 1 was confirmed as dihydrophaseic acid-4 0 -O--D-glucopyranoside that had been previously isolated from soybean tissue, 17) avocado seeds, 18) and Juniperus phynicea leaves. 19) The molecular formula of compound 2 was determined by HREIMS as C 26 H 40 O 14 (m=z 576.2418 [M] þ ). The data for the 1 H-and 13 C-NMR spectra are respectively shown in Table 1 and the experimental section. The data for the 1 H-and 13 C-NMR spectra of compound 2 were very similar to those of compound 1, except for additional signals at the C-1 000 to C-5 000 positions, suggesting that compound 2 contains compound 1 as a common moiety. The additional signals in the 1 H-NMR spectrum of compound 2 were two methylene protons at 3.76 (H-4 000 ) and 3.97 (H-4 000 ), an anomeric proton at 5.02 (H-1 000 ), and a carbinol proton at 3.88 (H-2 000 ) that were not detectable in the spectrum of compound 1. The additional signals in the the 13 C-NMR spectrum of compound 2 were two methylenes, two methines, and a quaternary C-atom that were not detectable in compound 1. From these results and the HMBC experiments, the partial structure of compound 2 was identified as -D-ribose. A cross peak between the C-1 000 and C-6 00 protons by the HMBC experiment (Table 1) The plant hormone, abscisic acid (ABA), plays an important role in seed maturation and germination, as well as in adaptation to abiotic environmental stresses, including protection against desiccation. 20) The amount of ABA is regulated by biosynthesis and metabolism. ABA is metabolized to phaseic acid and dihydrophaseic acid which is further glucosylated to dihydrophaseic acid-4 0 -O--D-glucopyranoside. O-6 00 -(-ribofuranosyl)--glucopyranoside in the cacao germ suggest that ABA also plays an important role in cacao germ growth. To the best of our knowledge, there are hardly any reports of ribose-glycosylated compounds in plants. Our novel findings might prompt new studies on plant glycosylation.
Experimental
Extraction and isolation. Cacao beans (Theobroma cacao L.) from Ecuador 1) were industrially separated into the cacao germs and nibs. A 0.5 g amount of the cacao germs and of the nibs was crushed into a fine powder and extracted with 6 mL of MeOH. Each resulting MeOH extract was evaporated and then analyzed by HPLC in a TSKgel ODS-120T column (4.6 mm i.d. Â 30 cm; Tosoh; 1 mL/min flow rate and 50 C column temperature), eluting with a linear gradient of 0% to 30% EtOH containing 0.2% AcOH. The elution was monitored with an ultraviolet detector at 280 nm. We identified two peaks as specific to the cacao germ by comparing the elution profiles for the nibs and germs.
Cacao germs (368 g, 37,000 pieces) were washed five times with water. The dried cacao germs were crushed into fine powder and extracted with 2600 mL of MeOH. The extracted solution was centrifuged at 6;000 Â g for 20 min, and the resulting supernatant was defatted three times by partitioning with equal volumes of hexane. The MeOH phase was evaporated, and the residue was dissolved in 370 mL of H 2 O. The aqueous solution was adjusted to pH 3 with HCl and then extracted with 370 mL of EtOAc to yield EtOAc and an aqueous layer. This aqueous layer was adjusted to pH 7 with NaOH and evaporated to yield a crude extract. The crude extract was subjected to HPLC in a TSKgel ODS-120T column (4.6 mm i.d. Â 30 cm; Tosoh; 1 mL/min flow rate and 50 C column temperature), eluting with a linear gradient of 5% to 15% ethanol containing 0.2% acetate. The fractions containing compounds 1 and 2 were repeatedly fractionated, and the resulting fractions were further purified by HPLC in an ODS-120T column (4.6 mm i. 3.58 br. s C-2 000 , C-3 000 , C-4 000
